Summary.
The Landau-Milekhin hydrodynamic model of very-high energy nucleon interactions is extended to calculate the pion energy and angle distributions in the center-of-mass system (c.m.s.) and laboratory frames. Consideration of the physical limitations on the average energy of the pions produced in the decomposition of the nucleonic fluids leads to truncation of the pion distribution and a rather slow energy dependence of the average c.m.s, pion energy on the incident proton energy. When a power law dependence is chosen for incident primary cosmic-ray protons, the pion production spectrum found in the laboratory frame has a steeper energy spectrum than those found using simpler mode]s of nucleon interactions. Recent experiments (1.2) studying cosmic-ray proton collisions at very-high energies (> 10 TM eV) indicate that a peripheral model of nucleon-nucleon interaction does not explain properly multiple production of mesons at these energies. In this paper therefore, a detailed study is made of a highly inelastic The Fermi model chara.cterizes the collision volume of the two nucleons as a highly excited fluid. The fluid is typified by a temperature that is determined by the total center-of-mass system energy. The fluid decays isotropically into particles with a probability dependent only on the statistical weight of their final states. The total number of particles is proportional to the fourth root of the incident laboratory energy of the cosmicray proton. The Fermi model has been extensively treated by many authors (3). It has several shortcomings, in particular it predicts many more K-mesons and nucleons than are produced, and much higher energies than observed.
The Landau-Milekhin model, like the Fermi model, is hydrodynamical. The colliding nucleons are characterized as colliding fluids. When the nucleons collide they form a highly excited fluid volume that expands according to the laws of relativistic hydrodynamics. In the early stage of expansion a few highenergy pions are ejected. In later stages the fluid cools and tinally decomposes into individual mesons. There is some field-theoretic justiticztion (5) for this model. This model's predictions seem to be reasonably substantiated by the recent data (~.2).
The Landau model, though more complex than the Fermi model, seems fruitful to adopt for further study. It is discussed further in the next Section. Section 3 contains the application of the Landau-Milekhin model cf pion production to the center-of-mass system. The laboratory frame is discussed in Section 4; energy distribution functions are introduced which are angle-independent. The final Section contains an example of the techniques developed in Section 4, in the calculation of the energy spectrum of pious produced by cosmic r~ys, ~nd some concluding remarks.
-The Landau model.
We begin an analysis of the Landau-Milekhin model by establishing notation. Let Ep be the total energy of the incoming cosmic-ray proton, and let the target proton be at rest in the laboratory frame of reference, and if c is
